









































































































































This report describes the total nuclear plant, which unlike the

mobile class, must include refueling and maintenance facilities.
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Development requirements, programs, schedules and costs are

discussed in the report.
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It is imporfant to realize the commonality of technology between the
mobile and land-based classes. Roughly three-quarters of the develop-
ment effort is identical, Far from being the only example, fuel is
nonetheless a good example. The fuel elements are different primarily
in shape. Both use TRISO fuel beads. Both are of extruded graphite

structure. The fabrication process is the same.
Hence, a single development program, or af least extensive coopera=

tion and coordination between development programs, is in the best

interest of the Nation.
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The demonstration programs are recognized to be different in character

and separate demo units must be considered for each of the two clauses.

Again the fuel or core is a good component example. The mobile unit
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has no moderator except that provided by the graphite in the fuel
element, The land=based unit has graphite moderator blocks, as shown

above, into which the cylindrical fuel elements are inserted.
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The most promising application may well be in the conversion of coal
into synthetic hydrocarbons — oil, gas, methanol, etc., Clearly these
materials are vitally needed and this need will increase. As illustrated

above, up to 63 percent of the carbon in the coal, when used on conven-
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tional coal conversion concepts, is required to provide energy and reduce
water to provide the hydrogen. Nuclear process heat offers the opportunity
to increase, up to two or three times, the useful product from a given

amount of coal,
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The nuclear coal conversion (NUCO) concept offers a method to

accomplish this increase in product per unit of coal input. Rela-

tively inexpensive nuclear fuel thus can be used in the production
of synthetic fuels and thus its benefits can be expanded to many

more users, not just the electric power segment.

-8l-

The objective is not to displace coal. It is to use both coal and
uranium in the best possible combination, with the least ecological

disturbance and in the most economic fashion.
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The key to the NUCO concept, as well as other. process heat applica-
tions, is an efficient and economical system to produce hydrogen. A
combination electrolysis — thermochemical syﬁem, based on a sulfur
cycle, has been devised with the potential of greater than 60 percent

overall efficiency.

This system is being developed with Westinghouse funds. A contract
was initiated by NASA-LeRC, NAS 3-18934, to evaluate this, as well
as competing conventional hydrogen generation systems. This effort
produced a conceptual design and cost estimate comparable to that
provided for the nuclear heat source under the AEC contract. The
results indicate the concept to be very competitive with all known

alternative systems,
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The NUCO modification was analyzed in the Hydrocarbon Research
Institute (HRI1) refinery concept. The coal input was kept constant

and the motor fuel and furnace oil output were retained.
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The modification changed the system from a consumer of 47.7 million
standard cubic feet per day of natural gas to a system producing over

97 million cubic feet of methane (equivalent to natural gas).

Kl
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MATERIALS COMPARISON MODIFIED AND UNMODIFIED HRI' REFINERY

UNMODIFIED
HRI REFINERY
INPUT:

" DRY COAL 8616 TSD
NATURAL GAS 47.7 x 10% scF/D
ELECTRICITY 1695 MWHR/D
STEAM 3431 x 10° LB/D -
NUCLEAR HEAT _

OUTPUT:
MOTOR FUEL | 19,830  BSD
FURNACE OIL 10,000  BSD
COAL RESIDUE 1474 TSD

BUNKER C OIlL
METHANE

LPG

OXYGEN

NUCO MODIFIED

HRI REFINERY
8616 TSD
3263 MW (1)
19,830 BSD

10,000  BSD

668 BSD
97.272 x 101S SCF/D

337.956 TSD

6095 TSD
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A system to produce low cost hydrogen will find many applications.
The production of ammonia, which is an imporfant ingredient of
inorganic fertilizer, is an exciting possibility. The simultaneous

production of oxygen opens many avenues for processess which use

both elements. Nuclear iron ore reduction, under consideration by

the American Iron and Steel Institute in this country and by the

Germans and Japanese, is also possible.
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The VHTR, with the Westinghouse water splitting system, appears to

be suited to providing hydrogen to a direct iron ore reduction system
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such as the H=iron process.
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The R&D program, specific to the land-based class of VHTR and based
on the assumption that this is the only VHTR program, was defined

under the AEC contract. This program is also planned on the basis of
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a two year effort prior to a final decision on the demonstration plant
program. There are several areas where R&D tasks are on the critical

path and deserve early initiation,
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PROGRAM YEAR
PROGRAM TASK
1 2 3 4 5 é 7 9 10 n 12
[ DEMO. PLANT AUTHORIZED — C.P. COMMERCIAL OPERATION —
MAJOR PROGRAM MILESTONES O O @) O O |0
L__START PROGRAM L psar INITIAL CRITICALITY —
" [
1.0 PRESTRESSED CAST IRON PRESSURE VESSEL (PCIV)
2.0 REFUELING EQUIPMENT
3.0 ROTATING MACHINERY
4.0 CONTROL RODS AND DRIVES
5.0  REACTOR INSTRUMENTATION
6.0  HELIUM PURIFICATION
R 7.0 INTERMEDIATE HEAT EXCHANGER (IHX)
]
! 8.0  REACTOR PHYSICS
9.0 SAFETY
10.0  REACTOR SYSTEM TESTING
1.0 STRUCTURAL GRAPHITE
12,0 FUEL ELEMENTS
13.0  INTERMEDIATE LOOP COMPONENTS
140 PRIMARY COOLANT LOOP SIMULATION ------
15.0  RESEARCH AND DEVELOPMENT INTEGRATION ------
16.0  DESIGN AND METHODS DEVELOPMENT --II-- —_— -




In summary, the VHTR, based on the NERVA technology, is an oppor=

tunity to realize many national benefits. The number of applications
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and their relevance in foday's environment lend urgency to the program.

»



IHE N B B B I O B D b B D R D BN B EBE EE e
L3

VHTR

APPLICATIONS

MOBILE
(LWNP)
[ | A

l e NAVY ® COMMERCIAL ® PROCESS HEAT

B e SES o Ships ® Coal Conversion
e Hydrofoil e Oil Recovery ® |lron Ore Reduction
e Surface Ships ® Mobile Power e Ammonia Production

e Submarine
® ELECTRIC UTILITY

e COAST GUARD | ® Direct Cyc'e
e AIR FORCE * MHD








